Abstract The prevention of obesity in children with DD is a pressing public health issue, with implications for health status, independent living, and quality of life. Substantial evidence suggests that children with developmental disabilities (DD), including those with intellectual disabilities (ID) and autism spectrum disorder (ASD), have a prevalence of obesity at least as high if not higher than their typically developing peers. The paper reviews what is known about the classic and unique risk factors for childhood obesity in these groups of children, including dietary, physical activity, sedentary behavior, and family factors, as well as medication use. We use evidence from the literature to make the case that primary prevention at the individual/family, school and community levels will require tailoring of strategies and adapting existing intervention approaches.
Introduction
Obesity in children is a significant health concern, with the prevalence of childhood obesity having tripled over the last two decades in the United States (U.S.) [1] and increased considerably worldwide [2] . Essentially all population subgroups are affected by obesity (with the exception of subSaharan Africa) [3] , with substantial evidence of persistent health disparities by race/ethnicity and socioeconomic status [4] . Evidence from clinic-based studies and nationally representative surveys suggests that children with developmental disabilities (DD), including those with intellectual disabilities (ID) and autism spectrum disorder (ASD), have a prevalence of obesity at least as high if not higher than their typically developing peers [5] [6] [7] . These groups may be disproportionately impacted by the adverse health outcomes associated with obesity by virtue of their primary disability and associated factors at the individual, family, community, and societal levels. Obesity prevention research specific to these populations is in its infancy.
The objective of this review is to contribute to the foundation from which a prevention research agenda can arise. We limit our discussion to primary prevention of obesity, i.e., efforts undertaken to prevent the condition from occurring. We outline what is known about the extent of the problem of obesity in children with DD, summarize research on putative risk factors, highlight gaps in knowledge, and then suggest practice and research efforts aimed at primary prevention measures organized in an ecologic framework.
Developmental Disabilities: Definitions and Prevalence
In the U.S., DD are defined as severe, often chronic disabilities that arise before the age of 22 and result in substantial functional limitations in three or more major life activities such as self-care, receptive and expressive language, learning, mobility, self-direction, independent living, and economic self-sufficiency [8] . Estimates of the prevalence of DD in the U.S. indicate 1 in 7 children are affected [9] . This review focuses on the primary prevention of obesity among children with ID and ASD because they are common diagnoses among DD and appear to be associated with elevated obesity risk. The population of children with DD is heterogeneous along multiple dimensions, including the presence of one or more cognitive, behavioral, physical, and/or sensory impairments. The severity of disability can vary greatly and may have an impact on learning and adaptive functioning. Although approximately one-third of children (38 %) with ASD also have an intellectual disability, an equal proportion has average or above-average intellectual ability [10] . Regardless of their intellectual ability, children with ASD experience difficulties with social interaction and communication. In contrast, children with ID who do not have ASD may have well-developed social interaction skills but have difficulties in other areas of adaptive functioning. Children with ID include those with Down syndrome, fetal alcohol syndrome, Prader -Willi, fragile X, and many other syndromes; however, the etiology of ID is often unknown. Some syndromes are associated with obesity, and some children with ID also have physical disabilities which limit their physical activity. The heterogeneous nature of impairments in children with DD presents challenges to research as well as to the development of childhood obesity prevention programs.
Attention in the U.S. to the health needs of persons with DD is growing, spurred in part by a report of the Surgeon General in 2002 [11] that emphasized the health care disparities experienced by persons with ID and called for increased research efforts and implementation of health promotion programs. Research in adults with ID suggests that this population may have elevated rates of diabetes [12] , cardiovascular disease [13] , and shorter life expectancies [14] than the general population. Given that childhood obesity tends to persist into adulthood and excess weight increases risk for most chronic diseases [15] , it is reasonable to expect that these health consequences manifest in children with DD as well. Thus, the prevention of obesity and the secondary conditions associated with obesity in children with DD is a pressing public health issue, with implications for health status, independent living, and quality of life.
Obesity Prevalence in Children with Developmental Disabilities
Overweight and obesity are classifications used to characterize the presence of excess adipose tissue and are generally based on body mass index (BMI) in kg/m 2 . The definitions currently in use in the U.S. and in some other parts of the world are based on sex-specific BMI-for-age percentiles calculated relative to the 2000 U.S. growth reference developed by the Centers for Disease Control and Prevention [16] . Children aged 2 to 20 are considered to be overweight when their BMI-for-age is greater than or equal to the 85th percentile, and are classified as obese when BMI-for-age is at or above the 95th percentile. Although these BMI cut-offs were developed for populations without disabilities, one study of adolescents with Down syndrome supports the validity of their use as indicators for overweight and obesity in that population [17] . Several other reference populations are in use around the world [18] [19] [20] , including a WHO international reference [21] .
Mounting evidence suggests that children with DD are at greater risk for obesity than their typically developing peers, though estimates vary, including data from nationally representative samples. Using self-reported height and weight data from the 2003 U.S. National Survey of Children's Health, the adjusted prevalence of obesity was 22 % in children with developmental and physical disabilities combined and 23 % in children with ASD [6] . These obesity rates are significantly elevated compared to the prevalence of 14.8 % in children overall. Using more recent data from the 2007 National Survey of Children's Health, children with ASD were 42 % more likely to be obese than children without ASD [7] . Data from the Longitudinal Study of Australian Children estimated a prevalence of obesity of 8.5 % in six to seven year-old children with ID, a rate that is significantly higher than the prevalence of 5.4 % seen in children without ID [22] .
Estimates derived from convenience samples generally indicate a higher prevalence of obesity in children with DD than is seen in representative samples. For example a high prevalence of obesity has been reported among youth with ID [23] , Down syndrome [24] , and ASD [25, 26] . The prevalence of obesity in children with ID from around the world ranges from 3 % to 37 % [27] [28] [29] [30] [31] depending upon the sampling frame and the characteristics of the study population.
Risk Factors for Obesity in Children with Developmental Disabilities
Many of the risk factors for children with DD are likely the same as for typically developing children, especially within the context of an obesogenic or obesity-promoting environment. However, these children may also experience additional challenges that increase their susceptibility to typical risk factors, and they may also experience a unique set of risk factors not shared by children in the general population.
Body Composition and Energy Needs
Some children with DD have altered body composition that may increase their risk of obesity. Studies in typically developing youth have shown that fat free mass is highly correlated with resting metabolic rate, a major contributor to daily energy expenditure [32] . Because fat-free mass is the greatest contributor to resting metabolic rate, lower levels of fat-free mass are likely to result in lower resting metabolic rate and decreased energy requirements.
Despite considerable research on body composition and energy expenditure in typically developing children, only a few studies have used state-of-the art measurement techniques (i.e., indirect calorimetry and doubly labeled water) in children with DD. Adolescents with Down syndrome have been shown to have lower fat-free mass [33] and lower resting metabolic rates than typically developing children [34, 35] , although in one study lower resting metabolic rate was unrelated to fat accretion prospectively [34] . Children with DD who also have physical disabilities and are non-ambulatory may have reduced energy needs associated with lower activity energy expenditure, thereby increasing their risk of obesity.
Body composition represents an important consideration when developing prevention and intervention programs for affected children and adolescents. The caloric needs of these children are likely to be lower, and thus they may face challenges around feeding and satiety, particularly within an environment that is plentiful in low nutrient/energy-dense foods.
Dietary Factors
Obesity arises when energy intake exceeds energy expenditure over time. Major dietary contributors to energy imbalance among the general pediatric population include sub-optimal intakes of fruits and vegetables [36] [37] [38] , excessive consumption of sugar-sweetened beverages [39, 40] and overconsumption of energy-dense, nutrient-poor sweets and snack foods [41, 42] . Although studies of these factors among children with DD are few, they appear to be equally or more susceptible to consuming poor quality diets. For example, several studies have found that children with ASD do not meet recommendations for fruit and vegetable intake [43] [44] [45] , and some research has documented that children with ID consume fewer daily servings of dairy, fruits, and vegetables than recommended [46] and at lower amounts than their typically developing peers [47] .
Children with DD, especially those with ASD, are more often described as "picky eaters" than typically developing children [48, 49] and appear to have aversions to specific textures, colors, smells, temperatures, and brand names of foods. An estimated 50-90 % of children with ASD have feeding problems, which includes unusual eating patterns, rituals, and food selectivity [50, 51] . Food selectivity, a phenomenon that includes high levels of food refusal and/or consuming a limited repertoire of foods, may have origins in sensory processing impairments, which are common in children with ASD [52] . Children with ASD often have diets that are lacking in variety [53] [54] [55] 48] , which is generally considered to be indicative of a healthful diet. They also consume fewer fruits and vegetables and more sugar-sweetened beverages [44] than typically developing children, and tend to prefer energy-dense/nutrient-poor foods within food groups (e.g., chicken nuggets, hot dogs, and peanut butter in the protein group; cake, French fries, macaroni, and pizza in the starch group; and ice cream in the dairy group) [56] .
Physical Activity
Compared to the dearth research on dietary factors, the physical activity patterns in children with DD have received more attention. They may be particularly challenged to engage in physical activity due to motor skill difficulties [57] [58] [59] [60] [61] that may compromise endurance, balance, motor planning, and successful participation. The participation of children with DD in physical activity may also be impeded because of difficulties with social skills and communication. For example, motor planning difficulties in children with ASD were found to be strongly correlated with the social, communicative, and behavioral impairments that define ASD [62] . The need for close supervision may also hamper children's participation.
Evidence on the extent to which children with ID participate in sufficient amounts of physical activity is equivocal [63] [64] [65] [66] [67] . The proportion of youth with ID who meet the prevailing recommendations for daily PA each day ranges from zero to 42 %, depending on the study [68] [69] [70] [71] . Similar to their typically-developing peers, physical activity levels in children with ID appear to decline with age and girls are less active than boys [71] .
While less is known about physical activity levels of children with ASD, physical activity levels among school aged children with ASD do not appear to differ from those of typically developing children [72, 73] . However, as in the general population, physical activity levels in children with ASD are greater in younger compared to older children [74] [75] [76] [77] , and children with ASD appear to fall short of recommendations for daily physical activity [17] or physical activity during recess [78] .
Barriers and facilitators to participation in physical activity must be better understood in order to address low physical activity levels in youth with DD through preventive intervention. Barriers identified to date include lack of accessible programs, lack of child's interest, physical/motor challenges, behavioral difficulties, lack of time, no place in which to engage in activity, and transportation barriers [79] . Factors that appear to be positively associated with engagement in physical activity among youth with ID include both youth and caregiver preferences for physical activity as well as educational level of caregivers [80] [81] [82] [83] . Barriers to physical activity cited by parents of children with ASD specifically include the child's need for supervision, adults lacking skills needed to include their child, and the child's lack of friends and/or exclusion by peers [84] . Further, the number of reported barriers has been positively related to total screen time [84] . Participants with ASD who met the recommended guidelines of 60 minutes of moderate-to-vigorous physical activity per day generally cited more facilitators to physical activity than barriers in one study [85] . Activity levels of youth with ASD during physical education classes were positively related to their interactions with their peers, the physical environment, and instructor-related characteristics, such as gender and specialized training in physical education [85] . Interviews with parents of children with ASD suggested that problematic behaviors among young children with ASD are a common reason for non-participation, rather than limited opportunity for activity [85] . Not only might child behavior problems interfere with children's ability to participate in group-based physical activities, it is also possible that child behavior problems may lead to increased parental stress, which in turn may affect child participation [86] . This pathway should be explored in future studies, as failure to understand the impact of family functioning on child participation could undermine the success of preventive interventions.
Sedentary Behavior and Screen time
Sedentary behavior can be defined as "any waking behavior characterized by energy expenditures ≤1.5 metabolic equivalents (METs), while in a sitting or reclining posture" [87] . For youth, the major contributor to sedentary behavior outside of time spent in school is screen time, i.e., time spent watching television, viewing videos, playing video games (on large and small screens), and using a computer. Screen time likely contributes to obesity because it displaces other activities requiring greater energy expenditure, has been associated with snacking, and with increased exposure to advertisements that promote foods of limited nutritional value [88, 89] . Frequent mealtime television viewing has also been associated with lower intake of fruits and vegetables and greater intake of red and processed meats among typically developing children [88] .
Although children in the general population exhibit high levels of television viewing, children with ASD appear to have particularly high levels based on both nationally representative [90•] and non-representative samples [91, 92] and appear to start viewing at a younger age [93] . Children with ASD are often particularly visually oriented, which may manifest as a high interest in television and computers, and have shown better responses to verbal directives delivered via video clips than by live human presentations [92] . While an affinity for visual material has been used successfully to increase communication and adapt learning strategies for children with ASD [94, 95] , these strategies may also have an unintended negative consequences of increasing sedentary time. Children with ASD who spent three or more hours per day viewing television/movies did so to the exclusion of other leisure-time activities, such as playing [92] . Parents of children with ASD report using television for its calming effect on their children and as a respite from the challenges of caring for them [96] . However, parental disagreements around child viewing patterns have been reported as a source of family stress, and electronic media use may be viewed negatively by extended family or by child welfare and child development professionals [96] .
Studies of children with ID also generally report higher levels of sedentary behavior and greater use of electronic media, compared with typically developing children. More passive and socially isolating leisure activities were commonly identified by students with ID attending a special school in Ireland [81] . For children with ID who also have physical impairments, higher levels of sedentary activity likely reflect barriers to participation in physical activities discussed above.
Family Factors
Eating patterns and physical activity habits often arise within the context of the family, with parents playing a key role in influencing child feeding and eating patterns, mealtime structures, and physical activity [97] [98] [99] . Substantial evidence supports the important role of family meals in obesity prevention [100] [101] [102] . Associations between children's weight status and adverse family dynamics, including family stress, maternal depression, and poor family cohesion have also been observed [103, 104] . The stress experienced by families of children with DD has been documented extensively [105] [106] [107] [108] [109] [110] [111] [112] , but to our knowledge none have examined the association between family stress and obesity.
The needs and behaviors of children with DD can pose unique and significant challenges to parents and may have an impact on parental feeding practices. Children with ID have more feeding and mealtime behavior problems than typically developing children [113] . One early study found that compared to children without feeding challenges, young children with feeding challenges had more problematic mealtime behaviors and their parents used more coercive methods, employed more aversive direction, and made more negative comments to their children [114] . Research in the general population shows that over-control of a child's eating may promote the development of obesity [115] and that parenting styles that emphasize structure, responsiveness, and warmth yield healthier child eating and activity habits [98] . Although research on parental feeding practices in children with DD is scant, it warrants investigation, given the challenges that these children often pose at mealtimes. One study of young children with Down syndrome and their siblings found that parents took greater responsibility for feeding and had more concern about the weight status of children with Down syndrome compared to siblings without Down syndrome [116] . Provision of special meals was identified as a parental mealtime action positively associated with weight status in a study of 236 young children, approximately half of whom had DD [117] . A 2013 systematic review of the limited literature on parental factors associated with obesity in children with disability concluded that parents' socioeconomic status, parental BMI, parents' perceptions and attitudes toward their children's weight status, and both parents' and children's physical activity levels are associated with obesity in youth with DD [118] .
Psychotropic Medications
The best understood risk factor for obesity in children with DD is likely the adverse effects of psychotropic medications that are often prescribed for this population. Approximately 30-60 % of children with ASD are prescribed at least one psychotropic medication, and 10 % are prescribed more than one [119] . Prescribing rates have increased since the US Food and Drug Administration issued indications for risperidone (2006) and aripiprazole (2009) for the treatment of irritability associated with ASD, and data suggest that symptomatic benefits persist with longer-term treatment [120] [121] [122] [123] [124] [125] [126] . There is no evidence to suggest that children with DD are less susceptible to developing obesity in association with antipsychotic treatment than other youth [127] .
Although atypical antipsychotics reduce the frequency of extrapyramidal side effects, they are much more likely to cause weight gain [128] [129] [130] [131] and metabolic syndrome [132, 133] . Studies of children with ASD treated with risperidone have found weight gain to be significant in treatment versus placebo groups [133, 134] . Aripiprazole has been associated with significant weight gain over placebo [135, 136] . The diverse mechanisms by which antipsychotic medications cause weight gain are not fully understood, however it has been hypothesized that weight gain is tied to increased appetite associated with interactions among the medications and neuronal dopamine, serotonin, and histamine receptors [137] .
Primary Obesity Prevention
The socioecological framework is commonly used to examine opportunities for childhood obesity prevention from a multilevel perspective, and includes modifying the risk factors at the individual, interpersonal (e.g., family), school, community, and policy levels of influence [138, 139] . We focus here on three primary venues for obesity prevention: the individual/ family, school, and community (Fig. 1) . Evidence-based obesity prevention programs for children with DD are notably absent for all of these venues. The mechanisms by which the home, school, and community environments influence the onset of obesity in children with DD may differ compared to typically developing children. Further, the policies aimed to reduce the inequity in obesity between children with DD and their typically developing peers must address the inequalities that contribute to obesity at these multiple levels. This will require a sustained commitment from multiple stakeholders working in unison with parents. Adaptations to existing programs, such as tailoring to enhance their accessibility, relevance, and inclusivity, and a high level of engagement from the child's family, are needed to address disparities in the availability of obesity prevention options for children with DD [29, 140•] .
Individual/Family Environment
Research to establish obesity prevention guidelines specific to children with DD is extremely limited and, to the extent they exist, are based on those established for the general pediatric population. The American Academy of Pediatrics' expert recommendations for the prevention of childhood obesity includes universal assessment of obesity risk of all children through BMI screening, encouragement of diets with recommended quantities of fruits and vegetables, limits on consumption of sugar-sweetened beverages, limits on screen time to less than 2 hours daily, and promotion of moderate-tovigorous physical activity for at least 60 minutes daily [141] . Little is known about the extent to which primary prevention initiatives to promote these behaviors are relevant and accessible to children with DD and their families [142] .
At the individual and family levels, consistent assessment of obesity risk should be conducted at well-child visits by the health care provider. BMI assessment is known to vary widely among healthcare professionals [143, 144] , and limited evidence suggests that routine recording of weight and height and guidance on nutrition, physical activity, and sedentary activity may not be complete in compliance with these recommendations for children with DD, in particular [145] . Practitioners also need to be aware of and screen for genetically-based syndromes that are associated with both ID and obesity such as Prader Willi, Bardet-Biedl, Alström, syndromes, and others. Weight screening, relevant anticipatory guidance, and parent support should be an established standard of care for all children and integrated fully with a family-centered approach. Specific examples of tailored guidance include providing support to encourage breast feeding for children with a DD at birth, and, for children with altered body composition that may reduce energy requirements, guidance to moderate energy intake.
Primary prevention efforts in home settings should include anticipatory guidance and tailored interventions around parent feeding practices that can foster healthy dietary intake and address problematic eating patterns, as well as promote children's ability to self-regulate, and engage in physical activity. Setting limits around specific health-related behaviors in the home setting (e.g., the consumption of sugar-sweetened beverages, screen time) may not be readily achieved via the same strategies that parents use with typically developing children. For example, strategies associated with high parental responsiveness (e.g., conversations about limits) may not be effective if the child has a communication disorder, difficulty generalizing social rules, or limited knowledge/understanding about health and well-being.
Interventions to address the restricted eating patterns of children with DD, especially those with ASD, are needed, and represent an important step in improving their diets to promote maintenance of a healthy weight. Use of behavior modification techniques to increase food acceptance has shown some success [146] . However, the majority of studies have been case reports, which do not permit treatment comparisons or conclusions to be drawn about generalizability to the larger population of children with ASD [146] . The link between food selectivity and obesity has yet to be firmly established and further work in this area is warranted and shows promise as part of an obesity prevention effort.
Barriers to engagement in physical activity are real, but in some contexts attributes of the disability may provide opportunity. For example, initiating a structured physical activity routine for the child and family may provide an opportunity for physical activity that meets the child's need for sameness and repetition, particularly if delivered using a video format. Such guidance must be tailored to meet the needs of parents of children with DD, who will likely need additional support and specific resources to manage eating patterns and help their children develop an interest and motivation to participate in physical activity. Documented benefits of physical activity programming specifically for youth with DD include improvements in aerobic capacity, gross motor function, and high levels of satisfaction for both youth participants and parents [147] . To our knowledge, no prospective studies examining the effects of such programming on weight outcomes for youth with DD have been conducted, but the benefits of physical activity overall are well-established, and underscores the pressing need for further work in this area.
The impact of family context on obesogenic behaviors of children with DD is understudied, but may be significant given this population's higher dependence on parents, Fig. 1 Socioecological framework related to risk factors for obesity in children with developmental disabilities siblings, and caretakers to accommodate their food and physical activity preferences [148] , adapt mealtime, and feeding routines [149] , and to role model and reinforce food rules and social norms around eating [150] . The family is increasingly recognized as the locus of many modifiable risk factors for childhood obesity [99] and functions as the primary "social institution" influencing young children. In the absence of studies of parenting styles and practices specific to children with DD, it is critical to consider that the demands of caring for these children may have differential impacts on family dynamics.
Parents of children with DD experience challenges that are not faced by parents of typically developing children [105] . The obesogenic effects of medications prescribed for behavioral disorders pose a tremendous challenge for families. Given that up to 60 % of children with ASD may be prescribed at least one antipsychotic medication, there is an urgent need for effective interventions to combat medication-induced weight gain [119] . Some strategies that reduce antipsychotic-associated weight gain in other patient populations may be useful in youth with DD who are taking such medications. The primary strategies studied to date have been 1) lifestyle modification often facilitated by motivational interviewing, 2) alternative medications with lower risk of weight gain (e.g., aripiprazole rather than risperidone), or 3) addition of metformin, or other adjunctive anti-obesity medications. A motivational interviewing technique for preventing medication-induced weight gain in children with bipolar disorder, which could be helpful to some older children with less severe DD, was described in a case report [151] . One small 8-week study compared risperidone directly with aripiprazole in children with ASD and found no difference in weight over time [152] . However, a much larger observational study clearly suggested aripiprazole is associated with less weight gain in youth [153] . Few adjunctive medications have been systematically studied. In a case series, stimulants were not found to have any protective effects against anti-psychotic related weight gain [154] .
Several studies have found that concurrent metformin treatment was associated with a reduction in BMI in youth and adults treated with weight-promoting antipsychotics [155] [156] [157] . No comprehensive studies have yet been completed examining the effect of lifestyle interventions for youth with antipsychotic associated weight gain. Such interventions have been shown to be effective in adults with schizophrenia, however. Figure 2 summarizes the results of two studies that attempted to moderate weight gain in adults [158] and children taking antipsychotic medication [156] . The adult study used behavioral intervention and the child study used metformin to address weight gain. As seen in Fig. 2 both interventions lead to significant changes in BMI compared to the control groups, in part because the control groups, particularly in the pediatric population, show steady increases in BMI.
There are also reports that adjunctive topiramate, zonisamide, amantadine, or sibutramine (no longer marketed due to cardiac concerns), may be useful in limiting antipsychoticassociated weight gain [152, [159] [160] [161] [162] . It should be noted that all of these treatments typically lead to very modest weight loss of~1-3 kg, rather than normalizing an individual's weight status.
Pharmacologic strategies that reduce weight gain in the general pediatric population may also be instructive [163, 164] . The only medication currently indicated for the long term treatment of obesity in youth is orlistat, which is generally well tolerated but associated with only 0.7 kg/m 2 loss [164] . Promising novel treatments include long-chain polyunsaturated fatty acid, zinc supplementation, and octreotide [165] [166] [167] [168] . The American Academy of Child and Adolescent Psychiatry (AACAP) has developed practice parameters to address the use of antipsychotic medication in children and the risk for weight gain [169] .
The additional risk factors of financial hardship [170] [171] [172] , time constraints [79] , and stressful family mealtimes [173] [174] [175] are common among families of children with DD. In this context, obesity prevention may or may not be a parental priority, but nevertheless may be a positive outcome with the provision of services and resources that support and enhance family functioning and economic well-being. The complex relationships among financial hardship, family stress, and mealtime behaviors and their relationship to obesity in families caring for children with DD are poorly understood but warrant further attention.
School Environment
The 2012 Institute of Medicine report, Accelerating Progress in Obesity Prevention, Solving the Weight of the Nation, recommended schools be the national focal point for obesity prevention, with strategic partnerships among multiple levels of government, parents, teachers, and the private sector [176] . Research supports schools as a venue to prevent obesity [177] and to improve child dietary intake and physical activity [178] . In the U.S., the Individuals with Disabilities Education Act mandates that obesity prevention efforts in school settings be inclusive of children with DD. Inclusion presents challenges because it requires skilled personnel who must consider the cognitive and physical functioning of an often heterogeneous group of children to adapt evidencebased programs to their unique needs, maximize their participation, and support self-determined health behaviors [140•] .
Schools have the potential to be an effective venue for obesity prevention among children with DD to the extent that they can properly address the learning needs and additional supports required for meaningful participation [179] . Results from the few studies that have examined participation in school-based obesity prevention activities in the U.S. suggest that children with DD do not participate to their maximum ability nor at levels comparable to typically developing children [179, 180] . School-based obesity prevention programs are often centered on intensive health behavior curricula implemented by teachers in classrooms, with low to moderate family involvement outside of the school environment [181] [182] [183] [184] . However, the lack of adapted and tailored curricula for youth with DD may prevent their full participation [185] and may place significant burdens on special education teachers or school nurses to adapt and implement programs [186, 187] . Many schools do not employ adaptive physical education teachers or have adaptive equipment, which may make it difficult for children with physical or motor impairments to engage in physical activity at the same levels as their typically developing peers. In addition, nutrition concepts are abstract and may be difficult for children with DD to apply in real-world contexts without adapted curricula to facilitate their learning [188] . Parent participation is essential, and schoolbased initiatives that fail to include family outreach may have limited capacity to improve nutrition and fitness behaviors of children with DD [188] .
Although widespread efforts are being made to include children with DD in school within their communities, some children both in the U.S. and worldwide live in residential or congregate-care settings. Although well documented for adults with DD, few studies have examined the unique obesity risk factors within such settings for children with DD or have intervened to improve them. Three recent studies in special education schools have evaluated the effects of school-based interventions on dietary intake of children and adolescents with DD. A Smarter Lunchroom intervention based on behavioral economic principles and adapted for youth aged 11-22 years with ID to improve food choices and dietary intake was evaluated in 43 students with ID enrolled in a special education school. The intervention significantly increased whole grain selection and consumption, reduced refined grain selection and consumption, increased fruit consumption, and reduced fruit and vegetable plate waste [189] . A multifactorial school-based intervention (i.e., nutrition policies, daily physical activity, lunch intervention, home newsletter, summer camp) was implemented at an upper secondary school for youth aged 16 to 21 years with DD in Sweden. The lunch intervention, based on a modified Plate Model to teach healthy food selection and portion sizes, resulted in fewer participants consuming extraneous portions (i.e., second helpings), lower fat intake, and less plate waste [190] . Effects of the 2-year intervention were also evaluated among a smaller group of participants who demonstrated improvements in several cardiovascular risk factors compared to historic controls [191] . A third study examined a weight management intervention that used direct caregivers to implement the AAP's obesity prevention principles (e.g., limited screen time, 60 minutes of physical activity) in a residential/congregate care context [192] . The prevention principles, communication tools, and caregiver education were adapted to support the weight management of 40 youth aged 8-20 years with DD living in residential or congregate care settings in the Midwestern U.S. Although no significant improvements in BMI percentile or physical activity were seen, positive results were achieved with respect to children meeting their personal weight goals as well as improvements in mean number of fruits and vegetables consumed [192] .
Results of these studies suggest that school environments have a critical role in the prevention of obesogenic behaviors among children with DD. Given that a proportion of children may continue to need more intensive residential programming, interventions adapted for youth living in these settings are needed.
Fortunately, it is likely that the majority of children with DD in the U.S. have benefited from the policy changes that Fig. 2 Effect of behavioral intervention (adult) or metformin (child) on antipsychoticassociated weight gain in two studies. Weight trajectory (grey lines) over 24 weeks in adults taking antipsychotic medication for schizophrenia who initiated behavioral intervention for weight (n=59) and controls (n=51) who did not receive intervention [158] . Weight trajectory (solid and dotted black dotted lines) over 16 weeks in children taking antipsychotic medication for 38 also prescribed metformin as adjunctive therapy (n=18) compared to controls not receiving metformin (n=20) [156] accompanied the Healthy, Hunger Free Kids Act. These include school wellness policies and updated nutrition standards for the foods and beverages served in the National School Breakfast and Lunch Programs and those available as competitive foods (e.g., vending machines, school stores). Inclusion of children with DD and their families on school wellness committees can help ensure that policies are responsive to their needs. In some cases, obesity prevention approaches may need to be specifically targeted to underserved families and communities where children with DD reside.
Community
While significant efforts have aimed to improve school wellness environments, there are many opportunities to expose children to healthy foods and physical activity in the out-ofschool time environment. Community gardening programs represent one promising strategy to improve dietary intake of families of children with DD through improved access and influencing motivation to try new foods. Gardening also provides opportunities for physical activity. Gardening programs have been used successfully in therapeutic contexts with persons with DD [193] , and could be adapted to include nutrition and health targets. With respect to increasing levels physical activity in youth with DD, community-based efforts to sustain the higher levels observed at younger ages represents a promising obesity prevention strategy. Special Olympics is one well-known national program that engages youth with DD in physical activity and sports [194] . Although largely unexplored, other after-school, weekend, and summer activities via national organizations such as 4-H and the YMCA may have the potential to reach critical numbers of children with DD and their families by integrating obesity prevention principles into their programs. Having them do so will require commitment to inclusion and the requisite staffing and staff training.
As the health disparities experienced by persons with disabilities are increasingly recognized and a focus of concern, so too is the importance of providing opportunities for children with DD in recreational programming. The Office for Civil Rights in the U.S. Department of Education issued guidance in 2013 that clarified the obligation of schools to provide students with disabilities an equal opportunity to participate alongside their peers in after-school athletics and clubs [195] . The overall goal of the guidance was to help schools ensure that children with disabilities have an equal opportunity to benefit from the many life lessons experienced through extracurricular athletics. Additional research and professional training will be needed to understand how children with DD can engage successfully in physical activity and extramural sports.
Conclusion
Children with DD live in the same obesogenic environments as typically developing children but may be at elevated obesity risk due to additional factors that arise from their specific limitations and social circumstances. The many gaps in our understanding must be filled to develop meaningful preventive interventions and advance policy approaches to address these factors at the individual, family, community, and societal levels. The heterogeneity of the population and complex nature of the developmental conditions themselves will require interdisciplinary research efforts. As conceptualized by the National Academy of Science, interdisciplinary approaches "integrate information, data, techniques, tools, perspectives, concepts, and/or theories from two or more disciplines or bodies of specialized knowledge to advance fundamental understanding or to solve problems whose solutions are beyond the scope of a single discipline or field of research practice [196] ." The MCH Research Network on Promoting Healthy Weight among Children with ASD and Developmental Disabilities, funded in 2013 by the Maternal and Child Health Bureau of the Health Resources and Services Administration, was established as an interdisciplinary research network to address the need for obesity prevention in these groups. Its mission is to advance the understanding of obesity risk factors in children with ASD and other developmental disabilities, to promote the development of evidencebased solutions to achieve healthy weight in this population, and to disseminate research findings to broad and diverse audiences. Through its conduct of research, identification of surveillance opportunities, and dissemination efforts, the network hopes to provide scientific leadership and vision in ensuring that the needs of children with DD and their families are addressed in research and clinical endeavors to promote healthy weight and enhanced quality of life in this population. Linda Bandini's position at University of Massachusetts Medical School is primarily grant supported. She has received honoraria for grant reviews for NIH.
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